We report a rare case of ossified spinal meningioma. A 64-year-old lady presented with spontaneous onset of myelopathic symptoms for 1 year. Computed tomography (CT) and magnetic resonance imaging (MRI) preoperatively showed a crescentic calcification, which represents an ossified/calcified component of the intradural extramedullary meningioma. We were able to resect the meningioma successfully with T8eT10-level laminectomy. Postoperatively, there was a significant improvement on the myelopathic symptoms.
Introduction
Ossification of spinal meningioma is extremely rare. To our knowledge, there were 11 cases reported in the English literature since 1928. Until now, there has been no report of ossified spinal meningioma in Hong Kong. We report a case of T9 ossified meningotheliomatous meningioma with dura attachment treated by surgical excision under a microscope.
Case report
A 64-year-old lady, with an unremarkable past medical history, presented with spontaneous onset of progressive bilateral lower limb numbness, weakness, spasticity, and walking instability for 1 year. Preoperatively, physical examination showed that both of her lower limbs were hypertonic and hyperreflexic. The left and right lower limb power was graded 2/5 and 4/5, respectively. Light touch sensation and pin prick sensation was diminished at and below the T10 dermatome. She complained of tenesmus but there was no urinary incontinence. A rectal examination showed preserved anal tone. The Romberg sign was positive. She became wheelchairbound before the operation. In summary, she had spastic paraparesis with Frankel Grade C and the overall clinical picture was suggestive of cord compression at T9.
A blood test for complete blood count, calcium level, erythrocyte sedimentation rate, and C-reactive protein was unremarkable. The alkaline phosphatase (ALP) level was mildly elevated to 136 U/L (normal 35e104 U/L). The heat stability index suggested that the ALP elevation was of bone origin.
Contrasted magnetic resonance imaging (MRI) of the T spine showed an enhanced eccentric intradural extramedullary 12 mm Â 8 mm Â 18 mm spinal lesion at the T9/10 level exerting a significant local mass effect causing marked cord compression. Overall features and characteristics suggested a meningioma. There was also a nonenhancing T1W (weighted) T2W hypointense plaque in between the above-mentioned enhanced lesion and the underlying dura, which was shown to be calcification on the CT scan ( Figure 1 ).
Laminectomy from T8 to T10 for tumour resection was performed. Intraoperatively, there was no evidence of extradural tumour invasion. The paraspinal muscles and the posterior ligamentous complex were intact. The spinous process and the laminae were of good bone quality. The outer layer of dura was intact and normal. The dura was cut open in a midline longitudinal fashion. A greyish, nonhypervascular soft tissue tumour was seen once the outer dura was cut open, and was removed in piecemeal. We noted that there was a hard part of the tumour attached to the dura, which was calcification-like, forming a hard shell-like structure around the spinal cord with its most ventral part spared. With careful dissection under a microscope, we were able to remove the hard part of the tumour in piecemeal. After complete removal of the tumour, the dura was closed primarily with a water-tight suture ( Figure 2 ).
All the tissues sent for pathology were taken from the intradural region. The tumour was confirmed to be a meningiotheliomatous meningioma with focal mature lamellar bone structure and the intertrabecular space was infiltrated by tumour cells with the presence of psammoma bodies. Grossly, the tumour comprised multiple soft, occasional gritty brown/tan tumour tissue measuring 2e5 mm. Histologically, it comprised both cellular area and lamellar bone tissues, which were intermingled together ( Figure 3A ). The cellular component was formed of typical meningothelial cells arranged in whorls with scattered psammoma bodies ( Figure 3B ). The tumour cells showed ample eosinophilic cytoplasm, intranuclear inclusion bodies, and nuclear grooves ( Figure 3C ). Cytological atypia was absent. Mitotic activity was inconspicuous. The bony component comprised intricately arranged lamellar bone with well-formed lacunae occupied by osteocytes ( Figure 3D ). Occasional marrow space with active haematopoiesis ( Figure 3E ) was noted. Immunohistochemically, the tumour cells demonstrated diffuse and strong cytoplasmic staining for epithelial membrane antigen (EMA), which was positive in most of the meningioma ( Figure 3F ). There was no histological evidence of adverse prognostic indicator in this tumour, namely loss of lobular pattern, hypercellularity, frank cytological atypia, increased mitosis, necrosis, or invasion into the spinal cord.
Postoperatively, no steroid was given during the perioperative period. The operation wound healed well. There was neither central nervous system infection nor cerebrospinal fluid leakage.
Rehabilitation was started after 1 week of bed rest after the operation. The patient was allowed to do walking exercises without the use of a corset. At the 6-month follow up, her lower limbs showed significant improvement in power with both sides having a power grade of 4/5. She is now able to walk with a quadripod.
Discussion
This is a case report of a rare T9/10 meningioma containing lamellar bone with active haematopoietic tissue in a middle-aged woman. Until now, there has been no report of ossified spinal meningioma in Hong Kong.
Spinal meningioma is more common in the thoracic region in middle-aged females. 1 Calcification of spinal meningioma is rare, only accounting for 1e5%. 1 True ossification is even rarer e to the best of our knowledge, there were only 11 cases reported in previous English literature (Table 1 ). 2e11 Both woven bone structure 9 and lamellar bone structure 5 found within the meningioma have been reported. From the literature, there was only one case of ossified spinal meningioma that was specifically reported to show the presence of active haematopoietic tissue in the marrow space. 11 This feature also exists in our patient.
Ossified as well as calcified spinal meningioma is a surgical challenge for resection. The tumour itself is of a hard consistency and is often adhered tightly to the dura. Tumour resection is difficult if a tissue plane between the tumour and the dura cannot be developed. To develop such a tissue plane, the border of the tumour is usually the ideal site to start with. In our case, the tumour extended far laterally at both sides so that it was not possible to obtain its lateral border without extensive lateral bone resection including facetectomy. Instead, we performed a T8-level laminectomy to approach the superior border of the tumour (the tumour was at the T9/10 level). The resection was then performed from superior to inferior, along the tissue plane we developed at the T8 level. Through this approach, we were able to remove the tumour in piecemeal from our midline longitudinal dura incision, provided that it was a dorsally located hard ossified lesion. The laminectomy at T9 and T10 had to be performed with extensive lateral bone resection for adequate surgical exposure. We were able to preserve the facet joints.
Although we were able to maintain the spine stability in our case so that additional spinal fixation was not necessary, we would expect that adequate dural exposure that requires wide spinal bone removal may result in spinal instability. Reconstruction and restabilisation through instrumentation should be prepared and considered. Difficulty was also encountered when dissecting the tumour from its covering dura, because part of the hard ossified tumour was tightly adhered to it. Although the dura was finally separated from the tumour successfully and coagulated via the above-mentioned approach, we believe that separation of the covering dura from ossified meningioma may sometimes be impossible. If this occurs, resection of the tumour together with its covering dura would result in a large dural defect, which renders primary water-tight dural closure infeasible. Therefore, preparation of the muscle fascia patch or artificial dural graft is also advised preoperatively.
From the above-mentioned difficulties, it is obvious that being able to detect an ossifying/calcifying meningioma preoperatively would definitely better prepare a surgeon for the operation, avoiding unexpected resection difficulty, prolonged operation, and minimizing the chance of having an adverse surgical outcome such as paraplegia. Today, MRI is performed for almost all spinal meningioma patients for diagnosis and preoperative imaging. MRI is the modality of choice for examining the intrathecal region. However, it is not sensitive in detecting small calcifications within a mass. 12 It is also not specific enough for differentiating between ossification and calcification. 7, 9 To the best of our knowledge, we cannot find from the literature any "ossified" meningioma that has the typical T1W hyperintense marrow signal. As in our case, the typical T1-weighted hyperintense signal for bone marrow could not be seen within the tumour mass, although its presence was confirmed subsequently by histological study. The ossifying parts of previously reported meningiomas appear to have both T1W and T2W hypointensity on MRI. Therefore, we would suggest that any suspicious T1W and T2W hypointense focus within a tumour should warrant a CT scan to confirm or exclude ossification/calcification as part of preoperative planning.
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